It has been suggested that neural tube defects (NTDs) of the upper type (anencephaly, encephalocele, and thoracic spina bifida) may have a pathogenesis different from those of the lower type (lumbosacral spina bifida), since recurrent cases within a sibship were said always to be concordant with respect to NTD type. Also, spontaneous abortion, additional malformation, and recurrence rate were observed to be higher in the upper group, and there was an excess of females in upper NTD probands. To test this hypothesis, we measured the above variables in upper and lower NTDs in a sample from Quebec.
Incomplete closure of the neural tube early in vertebrate embryonic development results in a neural tube defect (NTD). Failure of closure in the head region results in anencephaly (AN) or encephalocele (EN); an NTD that occurs lower down is termed spina bifida cystica (SB). This purely anatomical distinction has been challenged by the hypothesis of Toriello and Higgins,' based on a study from Michigan, that upper defects in humans are pathogenetically different from lower ones, the former arising from defective primary neurulation and the latter from abnormal canalisation (secondary neurulation).
Primary neurulation consists of induction of the neural plate and the raising and apposition of the neural folds, followed by their fusion. Cases with additional malformations, but not conforming to a recognised syndrome, were included to make our sample comparable to those of Toriello and Higgins' and of Hall et aPt and because those with additional malformations did not differ from those without them in the variables examined. Although Khoury et al7 suggested that NTDs with additional malformations were a distinct subclass on the basis of differences in epidemiological characteristics, no such distinction was seen in other studies. 89 NTD recurrence rates in sibs of NTD probands were calculated using the single ascertainment method.'0 Sex ratios in NTD probands were calculated as the number of males divided by the number of females. Spontaneous abortion rates were obtained by counting recognised fetal losses before 26
Garabedian, Fraser where an appreciable degree of discordance was also present.
A potential criticism of hospital based stud- The data in table 5 show an excess of females in the upper group and not in the lower group, the only exception being BC. This may relate to the fact that BC is a low incidence area, since it has been shown previously that the sex ratio for NTDs decreases as NTD incidence increases. 18 The general trend for a low sex ratio in upper but not lower NTDs could be explained by a hypothesis of Seller and Perkins-Cole. '9 They found that female mouse embryos are developmentally retarded compared with males at the onset of neurulation. If this situation also exists in humans, it would make females more susceptible than males to the earlier arising upper NTDs if the 'critical period' for teratogenic insult was longer, or if neural tube closure was delayed more than that of the embryo in general.
To account for the high sex ratio observed in lower NTDs, it has been postulated that, during lower NTD development, a slight growth retardation in females could protect them from lower defects.4 Since canalisation (secondary neurulation) depends on the formation and 
